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Morphological changes that occur during kidney injury
involve actin skeleton remodeling. Here we tested whether
heat-shock protein 27 (HSP27), a small stress response
protein involved in cytoskeletal remodeling, protects the
kidney from tubulointerstitial fibrosis in obstructive
nephropathy. Tubular cell HSP27 immunostaining was
significantly increased in human kidneys with ureteropelvic
junction obstruction, supporting the clinical relevance of our
studies. To develop an animal model for mechanistic studies,
we generated transgenic mice that specifically overexpress
human HSP27 in renal tubules, under the kidney
androgen–regulated protein promoter, and determined the
effects of HSP27 overexpression on epithelial-to-
mesenchymal transition and tubulointerstitial fibrosis
following unilateral ureteral obstruction. This was associated
with decreased fibrogenesis as evidenced by significant
declines in phosphorylated p38MAPK, collagen III, a-smooth
muscle actin, 4-hydroxynonenal, and reduced trichrome
staining following obstruction. Notably, E-cadherin and
b-catenin remained at the cell membrane of tubular cells
in transgenic mice with an obstructed ureter. Monocyte/
macrophage infiltration, however, was not significantly
affected in these transgenic mice. Thus, tubular HSP27
inhibits fibrogenesis in obstructive nephropathy. Further
studies are needed to determine pathways regulating the
interactions between HSP27 and the E-cadherin–b-catenin
complex.
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Renal tubulointerstitial fibrosis or interstitial fibrosis and
tubular atrophy (IFTA) is the point of pathological
commonality for native and transplant kidney disease.1
Fibrotic damage is associated with the presence of
interstitial fibroblasts and myofibroblasts. A distinguishing
characteristic of myofibroblasts is their expression of a-
smooth muscle actin (a-SMA). These cells are also respon-
sible for the deposition of extracellular matrix proteins
such as collagens I, III, IV, and fibronectin. Tubular atrophy
entails the loss of tubular epithelial cells through apoptotic
and necrotic pathways, as well as through transition to a
mesenchymal phenotype. A better understanding of the
cellular and molecular mechanisms involved in IFTA would
result in the development of preventive and therapeutic
interventions that improve long-term outcomes in patients
with native and transplant kidney disease.
Epithelial-to-mesenchymal transition (EMT) is an im-
portant profibrotic process and a surrogate marker of native
and transplant kidney fibrosis.2–5 Transforming growth
factor-b1 is the primary cytokine that initiates and
maintains EMT by activating signaling pathways and
transcriptional regulators such as Smad 2/3 molecules.
During EMT, tubular epithelial cells are transformed into
myofibroblasts through processes involving loss of cell–cell
adhesion molecules (e.g., E-cadherin) and de novo expression
of mesenchymal markers (e.g., a-SMA). These events are
followed by tubular basement membrane disruption, cell
migration, and fibroblast invasion of the interstitium with
production of fibrotic molecules including collagen and
fibronectin. Iwano et al.6 demonstrated that up to one-third
of interstitial fibroblasts could originate from the epithelium
during renal injury, suggestive of EMT in vivo. Another
recent fate-mapping study by Humphreys et al.7 suggests that
pericytes may be another important source of interstitial
myofibroblasts. Although the exact contribution of EMT to
renal fibrosis remains unknown, this pathway has been
extensively studied as a reversible injury process and a
surrogate marker of native and transplant kidney fibrosis.2,3,5
Heat-shock protein 27 (HSP27) is a small-molecular-
weight stress response protein originally characterized
as a molecular chaperone induced by heat shock.8 Over
time, HSP27 has emerged as a dynamic protein with diverse
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roles in regulation of actin cytoskeletal remodeling,9,10
apoptosis,11,12 and oxidative stress.9,13,14 Renal fibrogenesis
and EMT include several processes that may involve
HSP27.10,15 For example, HSP27 is activated via
phosphorylation by p38MAPK signaling, an important
injury pathway in inflammation and oxidative stress.16,17
Similarly, reactive oxygen species, known inducers of HSP27,
have an important role in the pathogenesis of EMT and
IFTA.16,17 In addition, the morphological changes that occur
during EMT entail actin skeleton remodeling,2–5 suggesting
that HSP27 regulates actin filament dynamics and
actin–cadherin junction interactions during this process.
Previous studies from our laboratory have examined the
role of tubular HSP27 in experimental models of transplant
and native kidney disease.18,19 These studies demonstrated
that cortical HSP27 was upregulated in response to allograft
injury, suggestive of a local stress response to chronic
rejection.19 Similarly, we observed that tubular HSP27 was
upregulated in the in vitro model of transforming
growth factor-b1-induced EMT and during experimental
obstructive nephropathy.16 In these studies, the
overexpression of human HSP27 (Hu27) in rat tubular
epithelial cells preserved E-cadherin protein levels during
EMT, leading us to hypothesize that HSP27 has an active and
protective role during renal fibrogenesis.18,19 In the current
manuscript, we hypothesize that elevated tubular HSP27
reduces fibrogenesis. We test our hypothesis in vitro and
in vivo using human samples and an animal model of
obstructive nephropathy, a condition that is an important
cause of end-stage renal disease in the pediatric population.16
RESULTS
HSP27 was increased in tubules of pediatric kidneys with
congenital ureteropelvic junction obstruction
To determine the relevance of our studies in the clinical
setting, we examined HSP27 expression in five obstructed and
five control human and mouse kidneys. Controls included
preimplantation biopsies from deceased donor kidneys before
transplantation in humans, and baseline unobstructed
kidneys in mice. By using the Nuance digital analysis software
system, we found that HSP27 was significantly increased in
tubules of obstructed kidneys (Figure 1).
Development of HSP27 transgenic mice
We developed HSP27 transgenic mice that overexpress
human HSP27 in the proximal tubule, using the KAP2
promoter and human angiotensinogen (hAGT) enhancer
complex as described previously.20 The presence of the
KAP2-HSP27 transgene was first determined by PCR of
genomic DNA from tail snips (Figure 2). The transgene was
evidenced by a distinct band migrating between 0.5 and
0.7 kb (Figure 2b). KAP2-HSP27 transgenic male mice
expressed the transgene in the cortex of the kidney.
Next, we examined the expression of the KAP2-HSP27
gene by imaging enhanced green fluorescent protein
(eGFP) fluorescence using the Caliper IVIS Spectrum optical
imaging system (Figure 2c). Spectral analysis indicated
that 465-nm excitation and 520-nm emission wavelengths
were optimal for the detection of eGFP. Transgenic animals
showed significantly greater fluorescence in the kidney but
not in the heart compared with wild-type animals, consistent
with the specificity of the KAP2 promoter and hAGT
enhancer.20
HSP27 upregulation was greater in KAP2-HSP27 transgenic
mice after ureteral obstruction
To determine whether HSP27 was differentially upregulated
by unilateral ureteral obstruction (UUO) in the transgenic
mice, we performed western blot and immunohistochemical
analyses in obstructed kidneys of transgenic and wild-type
littermates (Figure 3). Animals were killed at 7 and 14 days
post UUO for time-course analyses. Total and phosphory-
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Figure 1 | Heat-shock protein 27 (HSP27) was increased in tubules of human and mouse kidneys with obstruction. Tissue sections
prepared from obstructed and unobstructed human and mouse kidneys (n¼ 5 each group) were stained for HSP27 (dark brown). Digital image
analyses using the Nuance multispectral imaging system showed that obstructed kidneys exhibited significantly more intense HSP27 staining
in renal tubules. OD, optical density.
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lated HSP27 levels were significantly increased in transgenic
mice at both days 7 and 14 (Figure 3b). We analyzed the ratio
of phosphorylated-to-total HSP27 in wild-type and trans-
genic mice at baseline, 7 days, and 14 days and found that the
ratio remained stable in wild-type mice (1.75±0.55), whereas
it decreased in transgenic animals (from 1.25±0.25 to
0.85±0.55). These differences were not statistically signifi-
cant. The remaining studies focused on the 14-day time
point, because we observed no significant difference in
HSP27 expression between days 7 and 14.
HSP27 overexpression was associated with decreased
fibrogenesis
To determine whether HSP27 prevents obstruction-induced
fibrogenesis, we examined the differences in trichrome
staining in transgenic and wild-type kidneys at baseline
and 14 days. Red and blue areas were measured for 10
nonoverlapping fields from each group (Figure 4aA and aB).
Mann–Whitney analysis showed that trichrome blue staining
was significantly (Po0.01) reduced in the transgenic
obstructed mice as compared with wild-type mice
(Figure 4b). Trichrome staining was minimal at baseline
and not statistically significant between the two groups (bar
graph not shown). We confirmed these studies by immuno-
blot analyses of fibrosis (collagen III and a-SMA), oxidative
stress (4-hydroxynonenal or HNE), and proinflammatory
signaling (p38MAPK) (Figure 5). At baseline, phosphorylated
and total HSP27 levels were greater, whereas a-SMA was
lower in transgenic mice. Following obstruction, we observed
that activated (phosphorylated) p38MAPK, collagen III,
a-SMA, and HNE were significantly decreased in transgenic
kidneys. Total p38MAPK levels remained unchanged. These
data suggested that the upregulation of HSP27 was involved
in the inhibition of oxidative stress and fibrosis in obstructive
nephropathy. Because oxidative stress and inflammation are
closely related and monocyte/macrophages have a key role in
a
b c
d e
Spe1 Nde1
ATG
3×108
×107
2×108
1×108
0
To
ta
l r
ad
ia
nc
e
WT
kidney
*
P<0.0025
KAP promoter
TG
kidney
WT
heart
TG
heart
Structure of KAP2-HSP27 transgene
eGFP fluorescence in heart eGFP fluorescence in kidneys
eGFP in kidneys and heart
epi-fluorescence
5.0
4.0
3.0
2.0
1.0
Genotyping PCR
F2 F2 F2 F0 FVB H20 +
hHSP27-IRES–eGFP
Human angiotensinogen
Radiant efficiency
p/s/cm2/sr
μW/cm2
))
Figure 2 | Characterization of KAP2-HSP27 transgenic mice. (a) Schematic representation of the KAP2-HSP27 transgene. The protein-coding
region of the gene included the coding sequence for human heat-shock protein 27 (hHSP27) and an internal ribosome entry site
(IRES)–enhanced green fluorescent protein (eGFP) cassette, and thus expression of the transgene coordinately produced both HSP27 and eGFP.
(b, c, and e) eGFP fluorescence was measured in the heart and kidneys from wild-type (WT) or transgenic (TG) post-pubescent male mice.
Optimal excitation and emission wavelengths were 465 and 520 nm, respectively, using epi-illumination. The TG kidney (not the heart) showed
greater fluorescence radiant efficiency than WT. (d) PCR genotyping. The transgene PCR product was amplified with genomic DNA from three
second-generation progeny (F2). Positive controls were amplifications with founder genomic DNA (F0) or with pKAP2-hHSP27 plasmid DNA
(þ ). Negative controls were amplified with WT friend virus B DNA (FVB) and water (H2O).
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UUO, we compared the number of interstitial monocyte/
macrophages per high-power field (HPF) in transgenic and
wild-type mice at baseline and after UUO. Although no
cortical staining was noted in either group at baseline, we
found a nonstatistically significant increase in kidney-
infiltrating cells in transgenic mice (P¼ 0.135, Figure 4c),
suggesting that the antifibrotic effects of HSP27 in UUO may
be independent of monocyte/macrophages.
HSP27 overexpression was associated with preservation of
E-cadherin and b-catenin at the cell membrane
To specifically examine the effects of HSP27 overexpression
on E-cadherin and b-catenin levels and localization, we
performed immunoblot and immunofluorescence studies in
unobstructed baseline and obstructed kidney samples.
Western blot analyses showed no significant differences in
E-cadherin or b-catenin levels between obstructed transgenic
and wild-type mice (Figure 6b and c). However, immuno-
fluorescence studies demonstrated differences in the localiza-
tion of E-cadherin and b-catenin between transgenic and
wild-type mice at the basolateral cell membrane or the
cytoplasm (Figure 6a). Tubular epithelial cells in wild-type
mice showed redistribution of E-cadherin and b-catenin
from the membrane-associated cell-junction regions to
the cytoplasm, consistent with our previous findings.18 In
contrast, tubular cells from KAP2-HSP27 transgenic mice
retained E-cadherin at the basolateral membranes.
Quantitative scoring of the frequency of cytoplasmic
E-cadherin confirmed this result. Wild-type mice had
scores of 12.8 and 11.5 per HPF in the unobstructed and
obstructed kidneys, respectively, whereas the scores for
HSP27-overexpressing transgenic mice were 4.4 and 4.5 per
HPF for unobstructed and obstructed kidneys, respectively.
These differences in tubular cytoplasmic E-cadherin were
significant (Po0.05) for both unobstructed and obstructed
kidneys, and indicate that HSP27 overexpression preserved
E-cadherin at the cell membrane.
DISCUSSION
Studies presented in this manuscript indicate that HSP27
may have a protective role in the pathogenesis of obstructive
nephropathy. We showed that tubular HSP27 is upregulated
during clinical obstructive nephropathy and that its over-
expression in transgenic mice is associated with reduced
fibrosis and oxidative stress. Furthermore, animal studies
using transgenic mice that specifically overexpress HSP27 in
renal tubules indicated that E-cadherin and b-catenin
were preserved at the cell membrane despite obstruction.
The consistency of findings indicates cohesive relevance of
the experimental models toward understanding the mole-
cular processes involved in obstructive renal injury, and in
the progression of pathology to tubulointerstitial fibrosis.
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Figure 3 | Heat-shock protein 27 (HSP27) expression was increased at baseline and after unilateral ureteral obstruction (UUO) in
transgenic (TG) mice. (a) Protein extracts from wild-type (WT) and TG mice were analyzed by immunoblotting at baseline (d0), 7 days (d7), and
14 days (d14) after UUO. (b) Immunoblots were quantitatively analyzed by Image J densitometry, and values were normalized to the
corresponding glyceraldehyde-3-phosphate dehydrogenase (GAPDH) values. Total (T) and phosphorylated (P) HSP27 levels were increased in
TG mice compared with WT littermates (n¼ 5 in each group). (c) Immunohistochemical analysis confirmed elevated tubular HSP27 in the TG
mice at both baseline and after obstruction (only d14 data are shown).
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Figure 4 | Heat-shock protein 27 (HSP27) overexpression was associated with decreased fibrosis after unilateral ureteral obstruction
(UUO). (aA–D) Tissue sections prepared from baseline and 14-day UUO kidneys from wild-type (WT) and KAP2-HSP27 transgenic (TG) mice were
stained with trichrome aniline blue and quantitatively analyzed using the Nuance digital analysis software system. (b) Trichrome blue staining
was significantly reduced in the TG obstructed mice as compared with WT mice (Po0.01). The data shown are representative of the group
averages (n¼ 5 in each group). (aE–H) Monocyte/macrophage infiltration was evaluated at baseline and after UUO in the cortex. Although no
infiltration was noted at baseline, both TG and WT mice had increased staining following UUO. (c) The difference between the two groups was
not statistically significant. HPF, high-power field.
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Figure 5 | Heat-shock protein 27 (HSP27) upregulation was associated with reduced fibrogenesis after unilateral ureteral obstruction (UUO).
(a) Immunoblot analyses for total and phosphorylated HSP27, total and phosphorylated p38MAPK, 4-hydroxynonenal (HNE), collagen III,
a-smooth muscle actin (a-SMA), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) on kidney extracts from wild-type (WT) and transgenic
(TG) mice at baseline and 14 days after UUO (n¼ 5 in each group). (b) Immunoblots were quantitatively assessed by Image J
and protein values were normalized to GAPDH. The studies showed that activated (phosphorylated) p38MAPK, collagen III (COL III), a-SMA, and
HNE were significantly decreased in obstructed TG kidneys compared with WT kidneys. Total p38MAPK levels remained unchanged.
88 Kidney International (2012) 83, 84–92
bas i c resea rch A Vidyasagar et al.: HSP27 and renal fibrosis
The transgenic mice showed significantly higher HSP27
levels relative to wild-type controls before and after
obstruction. As the kidney androgen protein promoter
upregulates the expression of associated genes in the presence
of androgens, HSP27 was upregulated in adult transgenic
(and not the wild type) male mice. We noted a significant
decrease in lipid peroxidation (HNE) and phosphorylated
p38MAPK in obstructed transgenic kidneys, suggesting that
some of the antifibrotic effects of HSP27 may be a result of
its antioxidant and anti-inflammatory properties.9,14,21,22 As
inflammation is an important cause of oxidative stress, it is
possible that HSP27 overexpression inhibited p38MAPK via
negative feedback and subsequently prevented oxidative
stress. However, more direct effects of HSP27 on oxidative
stress are also possible, including upregulation of intracellular
reduced glutathione.22 Although our study did not examine
the specific subpopulations of macrophages, overall mono-
cyte/macrophage infiltration of the kidneys was not signi-
ficantly different between transgenic and wild-type mice,
suggesting that the antifibrotic effects of HSP27 might be
independent of these cells.
Similar to most biological processes, the stress response by
HSP27 may depend on the type of injury and the specific cell
types affected. For example, Chen et al.23 found that kidney
injury after ischemia–reperfusion was exacerbated by HSP27
overexpression. The authors showed that the severity of
injury resulted from increased inflammation, possibly due to
HSP27. However, in these studies, HSP27 overexpression
was systemic and not kidney specific. Conversely, Kim et al.24
reported that the delivery of HSP27 to the kidney by
in vivo injections of a recombinant lentivirus reduced
ischemia–reperfusion injury in mice. Although more specific,
this delivery method is limited by the efficacy of the
transfection procedure, the off-target effects of the protein,
and its half-life. Stetler et al.25,26 recently demonstrated a dose
response for the level of protection observed in HSP27
transgenic mice undergoing ischemic brain injury. Consistent
with our findings, the investigators found that low- and high-
expressing HSP27 transgenic mice exhibited reduced infarct
volume relative to the wild-type progenitor strain, but that
the high-expressing lines showed a significantly greater
reduction than the low-expressing lines.
Membrane localization of E-cadherin and b-catenin is
consistent with their presence at the adherens junction.
b-Catenin binds to the cytoplasmic tail of E-cadherin in
adherens junctions where the two proteins associate with
E-cadherin and β-catenin were maintained at the cell membrane after UUO
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Figure 6 | E-cadherin and b-catenin were maintained at the cell membrane in transgenic (TG) mice. Immunofluorescence studies for
E-cadherin and b-catenin at baseline and day 14 after unilateral ureteral obstruction (UUO) in wild-type (WT) and TG mice showed that tubular
epithelial cells in WT mice had greater cytoplasmic staining for (aB) E-cadherin and (aD) b-catenin after UUO. In contrast, tubular cells from TG
mice retained (aF) E-cadherin and (aH) b-catenin at the basolateral membranes. (b, c) Immunoblot analyses demonstrated that E-cadherin and
b-catenin levels remained unchanged after 14 days of UUO in WT and TG mice (n¼ 5 in each group).
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a-catenin in dynamic association with F-actin filaments.27–29
Our finding that HSP27 maintained the level and membrane
association of E-cadherin and b-catenin agrees with previous
reports from our group18 and others,30,31 indicating a role for
HSP27 in regulating the cytoskeleton. Fanelli et al.32 reported
coimmunoprecipitation of HSP27 and b-catenin in clinical
breast cancer samples, indicating possible direct interaction
between the two proteins.
In conclusion, our studies indicate that specific HSP27
overexpression in renal tubular epithelial cells is associated
with reduced oxidative stress and fibrogenesis, together with
stabilization of the E-cadherin/b-catenin complex at the cell
membrane. Further studies are needed to determine the
cellular and molecular pathways that regulate HSP27
interactions with membrane-bound complex in vitro and in
obstructive nephropathy.
MATERIALS AND METHODS
Acquisition of human tissue samples
Paraffin-embedded kidney sections were provided by the Depart-
ment of Pathology at the University of Wisconsin–Madison. The
Institutional Review Board approved research use of the samples.
Obstructed samples were prepared from kidneys that were removed
owing to ureteropelvic junction obstruction (n¼ 5). Control
samples were prepared from preimplantation deceased donor kidney
transplant biopsies (n¼ 5).
Development of KAP2-HSP27 transgenic mouse
The KAP2-HSP27 transgenic mouse was designed and generated at
the University of Wisconsin Biotechnology Center Transgenic
Animal Facility. Full-length human HSP27 cDNA (provided by Dr
Jacques Landry, Laval University, Quebec, Canada) and an internal
ribosome entry site–eGFP cassette (provided by Dr William Sugden,
University of Wisconsin, Madison, WI) were inserted into the Not I
site of the pKAP2 vector20 (provided by Dr Curt Sigmund,
University of Iowa, Iowa City, IA), which utilizes the Kidney
Androgen promoter and a portion of the hAGT gene including an
hAGT enhancer and polyadenylation region. The transgene was
isolated by digestion with SpeI and NdeI, separated from the vector
fragment by gel electrophoresis, extracted from agarose, and purified
using the QIAEX II Gel extraction kit (catalog number (cat. no.)
20021, Qiagen, Valencia, CA). The purified transgene fragment was
microinjected into the pronuclei of fertilized Friend virus B ova.
Injected embryos were implanted in pseudopregnant female
recipients. Pups were born 19–20 days after implantation. PCR
genotyping identified one male founder pup and one female
founder pup that were positive for the transgene. Upon maturity,
these founders were bred with wild-type Friend virus B mating
partners. The resulting F1 progeny were analyzed for the presence of
the transgene by PCR genotyping of tail snips. Forward and reverse
primers for the KAP2-HSP27 transgene were generated by the
University of Wisconsin Biotechnology Center with the following
sequences: KAP2 forward (50-CTG GCC ATT AGA GGG TAA-30)
and HSP27 reverse (50-AGA TGT AGC CAT GCT CGT-30). Founder
genomic DNA and KAP2-HSP27 plasmid DNA served as positive
controls, and water and wild-type friend, virus B genomic DNA
served as negative controls. All PCR amplification was done using an
Applied Biosystems (Carlsbad, CA) Veriti thermocycler. The
amplified KAP2-HSP27 PCR product migrated between 0.5 and
0.7 kb upon agarose gel electrophoresis. Once transgenic and wild-
type littermates were identified, the wild-type littermates served as
experimental controls. Only post-pubescent (older than 4 weeks)
male mice were used for experiments to maintain constitutive
testosterone production and expression of the testosterone-depen-
dent KAP2-HSP27 transgene.
UUO in mice
Mice were housed in the animal care facility at the William
Middleton Veterans Affairs (VA) Hospital, Madison, WI. Procedures
were performed in accordance with the Animal Care Policies at the
VA Hospital and the University of Wisconsin-Madison. The surgery
was performed as previously described.18 Briefly, mice were
anesthetized with 1–3% isoflurane, and a 1-cm midline incision
was made in the abdomen. The left ureter was exposed by blunt
dissection, ligated at two points using 6-0 silk suture. The
abdominal muscle incision and skin incision were closed separately
using 6-0 silk suture. Mice were monitored after surgery until they
recovered, and were observed daily thereafter. Mice were killed at
7 and 14 days after UUO and both kidneys were removed. The
excised kidneys were cut in half laterally; one half was snap-frozen in
liquid nitrogen for protein extraction and the other half was fixed in
10% buffered formalin for microscopy.
Caliper IVIS spectrum optical imaging system
The Caliper IVIS Spectrum imaging system (Mountain View, CA) at
the University of Wisconsin Small Animal Imaging Facility was used
to detect fluorescence under trans, epi, or combination illumination
at multiple excitation and emission wavelengths. We used this
method to confirm the presence of eGFP in post-pubescent
transgenic male mouse kidneys. Freshly excised kidneys were cut in
half laterally for imaging. The excitation and emission wavelengths
for pure eGFP are 488 and 520nm, respectively. A set of 10
wavelength combinations was used to cover a range of excitation
(430–500 nm) and emission values (500–580nm). The wavelengths
for optimal excitation and emission in kidney were determined to be
465 and 520 nm, respectively, using epi-illumination.
Immunohistochemical, immunofluorescence, and
trichrome staining
Five-micrometer sections were cut from formalin-fixed, paraffin-
embedded kidneys. Slides were deparaffinized in xylene and
rehydrated through a graded ethanol series to H2O. Antigen retrieval
was performed at 25 psi for 2min in 10mmol/l citrate solution
(pH¼ 6.0) for HSP27, and in 1mmol/l ethylenediaminetetraacetic
acid solution (pH¼ 8.0) for E-cadherin, b-catenin, and monocyte/
macrophages. Nonspecific background staining was blocked using
10% bovine serum albumin in phosphate-buffered saline for 1 h.
Primary staining for total HSP27 (Abcam, Cambridge, MA, cat. no.
ab8600 diluted 1:200) and human HSP27 (Enzo, Ann Arbor, MI, cat.
no. SPA-800D diluted 1:200) was carried out at room temperature
for 1 h and then the slides were washed and incubated with 3%
hydrogen peroxide for 10min. The MACH 2 Rabbit horseradish
peroxidase (HRP) polymer detection system (Biocare Medical,
Concord, CA, cat. no. RHRP520 MM) and diaminobenzidine
(Vector Labs, Burlingame, CA, cat. no. SK-4100) were used to
develop the HRP reactions. Coverslips were secured using Cytoseal
60 mounting media (Thermo Scientific Anatomical Pathology,
Kalamazoo, MI). Primary antibody incubations for E-cadherin (BD
Biosciences, San Diego, CA, cat. no. 610153 diluted 1:100), b-catenin
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(BD Biosciences, cat. no. 610153 diluted 1:100), and monocyte/
macrophages (Abcam, cat. no. Ab59697, diluted 1:50) were
performed at 4 1C overnight. Before primary staining, b-catenin
sections were permeabilized with 0.3% Triton-X in phosphate-
buffered saline at room temperature for 10min. Anti-mouse Alexa
594 secondary antibody (Molecular Probes, Grand Island, NY, cat.
no. A1105 diluted 1:1000) was used at room temperature for 40min
to vizualize E-cadherin, b-catenin, and monocyte/macrophages.
Coverslips were secured using ProLong Gold Antifade reagent with
406-diamidino-2-phenyl indole (Invitrogen, Grand Island, NY, cat.
no. P36931). For trichrome staining, slides were placed in Bouin’s
Fixative and allowed to mordant for 1 h at 56 1C; next, they were
washed in tap water for 5min followed by a 7-min stain in Wiegert’s
Hematoxylin and then washed for 3min. The slides were stained in
trichrome aniline blue (American MasterTech, Lodi, CA, cat no
STOSTB) for 5min followed by a tap water wash. Slides were
dehydrated using absolute alcohol and cleared in xylene. Coverslips
were secured using Cytoseal 60 mounting media. For monocyte/
macrophages, the slides were quantitatively analyzed under light
microscopy. For each kidney, 10 nonoverlapping 40 fields were
randomly analyzed in the cortex. Only the spots stained in deep
brown were counted. Results were reported as a bar graph
representing the average number of monocyte/macrophages per HPF.
For E-cadherin–b-catenin distribution analyses, slides were
viewed on a Nikon Eclipse E600 (Brighton, MI) microscope with
an Olympus DP70 camera (Center Valley, PA). The distribution of
E-cadherin in the cytoplasm of renal tubules was quantified by
counting the number of tubules containing purely cytoplasmic
E-cadherin in 10 consecutive nonoverlapping HPF (40 magnifica-
tion). Counting was done on 14 days obstructed and unobstructed
kidney sections from wild-type and transgenic mice and was blinded
with respect to treatment groups. The data reported are averages
from four independent blinded counts.
Digital image analysis
Slides were quantitatively analyzed using the Nuance multispectral
imaging system as previously described.33–35 Spectral libraries were
defined individually for each staining series as follows: trichrome
(red and blue) and HSP27 (brown). Pixel counts and optical
densities were determined after color separation was achieved
using the defined spectral libraries. Five nonoverlapping fields
were scanned and analyzed for each kidney.33–35 The pixel counts
were normalized to the total image area.
Immunoblot analyses
Proteins were extracted from whole kidney tissue or NRK52E cell
lysates as previously described.11 Protein lysates were separated
by sodium dodecyl sulfate polyacrylamide gel electrophoresis
(10–20% resolving gel, BioRad, Hercules, CA, cat. no. 161-1124),
transferred to nitrocellulose membrane (BioRad, cat. no. 161-0112)
by ‘wet’ electrophoretic transfer (80V for 1 h), and blocked overnight
at 4 1C in 1% nonfat dry milk, 1% bovine serum albumin, and 0.05%
Tween in phosphate-buffered saline (Blotto B). Incubations with
antibodies were carried out at room temperature for 1 h, except for
the antibodies for E-cadherin and b-catenin, which were incubated at
4 1C overnight. For use, primary antibodies were diluted in Blotto
B as follows: total HSP27 (Abcam, cat. no. Ab8600, 1:1000),
phosphorylated HSP27-S85 (Abcam, cat. no. Ab5594, 1:4000),
Phospho-p38MAPK (BD 612288, 1:500), HNE (Abcam, ab4654,
1:1000), a-SMA (Sigma, St Louis, MO, A2547, 1:2000), collagen III
(Ab6310, Novus Biologicals, Littleton, CO, 1:100), E-cadherin (BD
Biosciences, cat. no. 610182) 1:100, b-catenin (BD Biosciences, cat.
no. 610153) 1:500, and glyceraldehyde-3-phosphate dehydrogenase
(Abcam, cat. no. ab8245) 1:500. HRP-conjugated goat anti-mouse
(BD Transduction, San Jose, CA, cat no. M15345) and goat anti-
rabbit (eBiosciences, San Diego, CA, cat. no. 18-8816-31) secondary
antibodies were diluted in 10% nonfat dry milk, 0.1% bovine serum
albumin, and 0.05% Tween in phosphate-buffered saline at dilutions
of 1:4500 and 1:10,000, respectively. HRP signals were visualized by
enhanced chemiluminescence using a West Femto kit (Pierce, IL, cat.
no. 34095) and recorded with a Fotodyne benchtop (Hartland, WI)
CCD camera system. Densitometric quantification of immunoblot
signals was carried out using Image J (NIH, http://rsbweb.nih.gov/ij/).
Statistical analyses
Continuous and categorical data were compared using non-
parametric Mann–Whitney and Fisher’s exact tests, respectively.
A P-valuep0.05 was considered significant.
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